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ABSTRACT 
 
 
 
 
A segmented electrical capacitance tomography (ECT) imager for palm oil  
process monitoring system is constructed and presented in this work.The goal of this 
study is to use the process monitoring system as an instrument to upkeep the local 
and foreign palm oil mill. This is to ensure that the monitoring of crude palm oil 
(CPO) in conveying pipeline during extraction of palm oil mill process flow process 
is efficiently controlled. The system has the capability to visualize the percentage of 
liquid that exist within the vessel therefore the data can be utilized to design and 
create better process equipment in mill process. It will also be used to control some 
processes in order to boost the quality of crude palm oil and the POME (Palm Oil 
Mill Effluent) treatment process. Most ECT in earlier research were created rapidly 
and utilized well in multiphase flow measurement in numerous applications such as 
in oil and gas industries, gas/solids cyclone, milk flows and fluidized beds. 
Experimentally, this work investigates the capability of using a twin-plane 
segmented ECT sensor with 16 portable electrodes using two differential excitation 
potentials transmitted signal in order to recognize the concentration  and  velocity 
profile as well as the phase concentration of crude palm oil related multiphase 
systems (liquid and gas). The attained concentration profile which is received from 
the capacitance measurements is capable to provide image of the liquid and gas 
mixture in the pipeline therefore, the separation process (between oil and liquid 
waste) becomes much easier and the crude palm oil‟s quality can be dependably 
monitored. The visualization results deliver information regarding the flow regime, 
superficial velocity and concentration distribution in two-phase flow-rate 
measurement system incorporating a liquid flow measuring device. The information 
obtained is able to help in the process equipment designing, verification of existing 
computational modeling and simulation techniques. It may also assist in process 
control and monitoring during the palm oil extraction process. 
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ABSTRAK 
 
 
 
 
Pengimej kapasitan elektrik bersegmen tomografi (ECT) bagi sistem paparan 
proses kelapa sawit telah dibina dan dipersembahkan dalam kerja  ini. Matlamat 
sistem ini adalah untuk digunakan sebagai instrumen untuk mengekalkan kualiti 
minyak sawit tempatan dan asing. Ini adalah untuk memastikan bahawa pemantauan 
penghantaran aliran proses minyak sawit mentah menerusi saliran ketika proses 
pengekstrakan minyak sawit dapat dikawal dengan lebih efektif. Sistem paparan ini 
mempunyai keupayaan untuk memaparkan peratusan cecair  yang wujud dalam 
saliran, dengan itu data tersebut boleh digunakan untuk mereka bentuk dan mencipta 
peralatan untuk proses yang lebih baik bagi kilang pemprosesan. Ia juga boleh 
digunakan untuk mengawal beberapa proses untuk meningkatkan kualiti minyak 
sawit mentah dan proses rawatan POME (Palm Oil Mill Sdn Efluen). Kebanyakan 
ECT dalam penyelidikan awal telah dicipta dengan pantas dan digunakan dengan 
baik bagi pengukuran aliran berbilang fasa dalam pelbagai aplikasi seperti industri 
minyak dan gas, gas / pepejal siklon, aliran susu dan pepejal terbendalir. Kajian 
penyelidikan ini akan menganalisa keupayaan pengesan ECT satah-berkembar 
dengan 16 elektrod mudah alih dengan menggunakan dua isyarat pengujaan beza 
upaya yang berlainan untuk mengenalpasti konsentrasi dan profil halaju serta 
konsentrasi fasa minyak sawit mentah berbilang fasa dengan yang bersekutu 
dengannya (cecair dan gas). Profil konsentrasi yang dikenal pasti daripada 
pengukuran menerusi sistem tersebut  mampu untuk memaparkan campuran gas 
dalam saluran paip. Oleh itu proses pengasingan (minyak berasingan dan sisa cecair) 
menjadi lebih mudah dan kualiti minyak sawit mentah boleh dipantau. Keputusan 
visualisasi memaparkan maklumat mengenai aliran, halaju permukaan dan taburan 
konsentrasi menerusi sistem pengukuran kadar aliran dua fasa yang digabungkan 
dengan peranti pengukur aliran cecair. Maklumat ini dapat membantu dalam proses 
mereka bentuk peralatan, pengesahan pemodelan pengiraan sedia ada dan teknik 
simulasi. Ia juga dapat membantu dalam kawalan proses serta pemantauan sepanjang 
proses perahan minyak sawit. 
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 CHAPTER 1 
INTRODUCTION 
1.1 Introduction of Research Study 
It has been awhile since the introduction of Process Tomography. Ever since 
the very first time of its establishment in 1950‟s, the development of tomographic 
instrumentation has led to the widespread of body scanners obtainability which has 
become part of modern medicine requirements.  Process Tomography has evolved 
essentially during the mid-1980‟s.  A number of imaging equipment for processes 
was termed in the 1970‟s, but this involved using ionization in x-rays and many more 
in general.  Meanwhile, in the mid-1980‟s, the present invention was launched in 
which it has resulted in the recent work on process tomography systems. 
 
 
In the very beginning, tomography was practiced in medical field for 
diagnostic purposes. In medical applications, the radiation source, X-rays are utilized 
to form images of bones based on their attenuation coefficient. This approach lets us 
observe the internal structure (bones) of our body without requiring us to dissect or 
cut it open. Thus, tomography approach is also identified as a non-invasive method 
to examine the internal structure or behavior of a material. It has to be highlighted, 
however, that the tomography concept and its non-invasive way of imaging are not 
constrained to the medical field alone. This fundamental difference results  
 
2 
 
 
in differences in sensor design, imaging speed, image reconstruction algorithms and 
also cost. 
 
 
The tomographs required from „softfield‟ tomographic techniques are found 
to be more semi-quantitative or qualitative and have a low spatial resolution where 
on the other hand, a „hardfield‟ technique results in more quantitative measurements 
with higher spatial resolution. Nevertheless, conventional x-ray tomography 
generally has lower temporal resolution unlike ECT. Thus, ECT is helpful in the 
evaluation of rapid changes in hydrodynamic (Chaplin, G. et al, 2005). 
 
 
In simple terms, tomography is an imaging technique which allows one to 
define a closed system contents without physically needing the individual to look 
inside it. It is also a technique utilized to examine the internal behaviors of flowing 
materials inside a pipeline.  Process Tomography can be identified as imaging 
process parameters in space and time.  Important flow information such as 
concentration measurement, velocity, flow rate, flow compositions and others can be 
acquired without having to interrupt the process or object.  It is also used to delineate 
the internal composition of pipes or mixing vessels.  The sensor signals are filtered, 
amplified, digitized and processed in a computer as a final stage with the use of 
certain image reconstruction algorithm in order to construct cross-sectional image.  
Usually, many of the flow information are based on the cross-sectional image 
detected.  For example, the cross-sectional image itself already makes available the 
flow material‟s concentration. 
 
 
Principally, Process Tomography can be separated into two categories which 
are electrical tomography and optical tomography.  There are few types of electrical 
tomography, EIT (electrical impedance tomography), ECT (electrical capacitance 
tomography) and EMT (electromagnetic tomography).  Based on electromagnetic 
field theory, Electrical Tomography delivers inexpensive non-intrusive imaging 
systems with low but sufficient resolution of the internal distributions of processes. 
Optical fiber transmitters and receivers are utilized by optical tomography system, 
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such as fan beam optical tomography system and parallel beam optical tomography 
system.  
 
 
Process Tomography compromises a convenient means of model verification 
in an industrial environment, unlike in a simplified 'model' reactor with the use of 
conventional laser or optical tracer techniques. Conventional techniques need 
invasive sampling methods or that the process mixture has to be modified in some 
artificial manner (eg solid/liquid suspensions need to be diluted so that optical access 
for measurements can be obtained). Moreover, the measurement information is 
usually limited to one small zone within the process vessel, or entails a multiplicity 
of measurement zones, while tomographic techniques have an exceptional spatial 
range and can be utilized for 2- and 3-dimensions imaging. 
 
 
In addition to model validation, the capability to figure the profile‟s 
component concentration and in some cases to recognize phase sizes and boundaries 
within vessels and pipelines will somehow offers a series of information. This 
information is valuable for Process Engineers in shedding some light on fundamental 
reaction kinetics as well as for optimum geometric design of large scale equipment. 
As 3-dimensional imaging techniques build up, it is predicted that the process 
tomography will be employed for the reasons of plant controlling which can either be 
for alarm functions or in the form of a full mass balancing and circuit monitoring 
service. 
 
 
An extensive range of applications for process tomography is currently being 
developed actively. Electrical engineers seek to re-design the instruments in a 
fundamental way for special tasks in some applications and some of the examples are 
like the combustion images at up to 36,000 frames per second, environmental 
groundwater imaging, separation process and hydrocyclone imaging, stirred reactors 
imaging, fault detection in rotating components, multiphase flow measurement and 
control from tomographic measurements. 
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There is a huge request for direct analysis of the internal characteristics of 
process plants with regards to enhancing the equipment operation and design. 
Process tomography may as well assist in the equipment design to keep control the 
optimum flow conditions. In other word, process tomography can be categorized into 
five main categories as follows: 
 
i. Characterization of individual components and non-destructive testing. 
ii. Modeling in a laboratory environment. 
iii. Equipment design and optimization in a laboratory or industrial 
environment. 
iv. Process monitoring and control in an industrial environment. 
v. Remote sensing in manufacturing, quality control, environment protection 
or pollution control on an industrial or waste containment. 
 
 
The industrial sector has seen the booming popularity of Electrical 
Capacitance Tomography (ECT) systems each day. In general, this technique can be 
defined as the analysing process which takes place within the pipes and chemical 
vessels through the examination of the internal distribution of permittivity. One of 
the clear examples of the use of ECT is to detect the flow regime and the degree of 
entrainment. Unlike the conventional methods, the flow rate of the solids can be 
determined more precisely with ECT thus enhancing the control and the 
manufacturing operation‟s efficiency. It has been utilized in various applications 
especially in chemical and petroleum industry, including multiphase flow in oil 
pipeline. 
 
 
ECT has been employed in this research to monitor the concentration of 
crude palm oil. The system is intended to be utilized as an instrument to ensure both 
local as well as foreign palm oil mills so that the control in monitoring the crude 
palm oil‟s (CPO) quality flow in conveying pipelines during extraction of palm oil 
mill process cefficiently done. The visualization results impart information regarding 
the flow regime, superficial velocity and concentration distribution in two-phase 
flow-rate measurement system incorporating with liquid flow measuring device. 
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The ECT system consists of a sensor, control computer as well as capacitance 
measuring unit. The sensor contains a collection of electrodes wound which are to be 
imaged located all over the periphery of the pipe or the vessel. The control computer 
will receive the measuring unit conditions the signal acquired from the sensor. The 
information received will be processed by the control computer processor which will 
also undergo the creating of permittivity distribution images matching to the cross-
section as seen by the sensors. To minimize the measurement errors, all parameters 
which were measured and calculated are normalized. The Linear Back Projection 
Algorithm (LBPA) is applied by the control computer to generate permittivity 
distribution images. The images will then be shown on a 1024 square pixel grid with 
a proper graduated colour scale to indicate the permittivity variation (Donthi, S.S., 
2004). 
 
 
The images are analysed to figure the parameters associated with the process 
such as spatial distribution and volume ratios of the materials within the pipe as well 
as the flow velocities. ECT is applied in multi-phase flow-meters to inspect the 
multiple fluids flow regime flowing in a pipe. Proper control signals are produced by 
the permittivity images which determine the future course of a chemical process. The 
ECT system shown in Figure 1.0 is used to get the permittivity distribution images of 
contents of the pipe during a chemical process. 
 
sensor 
        
 
 
 
 
 
 
 
object 
 
Figure 1.0 A schematic diagram of an ECT system 
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Figure 1.0 depicts a schematic diagram of an ECT system with its main 
components. The system comprises of the following: 
 
(i) Capacitance sensor which contains a collection of electrodes affixed to  
 periphery of the pipe which is to be imaged. 
(ii) Capacitance measuring unit to obtain and process the signals receive
 from the capacitance sensor. 
(iii) Control computer to rebuild and show the permittivity distribution image  
 with the data received, and to observe and control the process happening  
 within the pipe.  
1.2 External or Internal ECT Sensors 
The capacitance electrodes can be mounted either inside or outside the vessel. 
The electrodes will usually be mounted on the outside surface of the pipe or vessel if 
the wall of the vessel is an electrical insulator and example of an electrical insulator 
is plastic. In this case, the ECT sensor is believed to be non-invasive and non-
intrusive when the sensing electrodes are not in physical contact with the medium 
within. Trevor York (2001) mentioned that the ECT sensor is non-intrusive if the 
sensing electrodes are mounted within the pipe and are in contact with the medium 
but not disturbing the flow at all means. Nonetheless, it is reported that most ECT 
technique is a practical non-invasive technique for the multiphase flows 
measurement (F. Wang,   et. al., 2009). 
 
 
In the case of a sensor with internal electrodes, the capacitance components 
owing to the electric field within the sensor will constantly rise correspondingly to 
the material permittivity when the sensor is occupied equally with higher permittivity 
material. The wall gives a negative effect on the internal capacitance measurements. 
This is all due to the reason that the wall capacitance is well in sequences with the 
internal capacitance. However, the permittivity of the wall will trigger non-linear 
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changes in capacitance for sensors with external electrodes, which may increase or 
decrease based on the thickness of the wall and the permittivity of the sensor wall 
and contents (Daoye, Y. et al,, 2009). 
 
 
There are only few techniques proposed in earlier studies which focus to 
improve the uniform sensitivity distribution in the central area as well as to make 
progress of the detection signal levels in the ECT system by using single electrode 
excitation and one voltage source. Hence, this work aims to study the sensitivity 
distribution and capacitance non-linear changes. A two different potential 
excitation/voltage source is presented instead of using only one potential 
excitation/voltage source to an excitation electrode at a specific time allocated. The 
two different potential excitation/voltage sources is employed in sequence to 
different excited electrode pairs to create excitation field which is considerably 
uniform across the sensor. The image reconstruction simulations are given to reveal 
these techniques capability of improving the sensitivity distribution and potential 
distribution in the central area. Formerly, these techniques have never been applied 
in an ECT system. The SNR (signal noise to ratio) can be improved proportionally 
with the increase in voltage across the centre of the pipe unlike the one attained using 
standard single excitation potential schemes. 
 
 
In order to prove this technique, the advancing model using COMSOL 
Multhiphysics is built to simulate the changes in capacitance between opposing 
electrodes and the dielectric material permittivity. D The increasing diameter of the 
higher permittivity insert using single and two different excitation potentials was 
further discussed in Chapter 3. 
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1.3 Number of electrodes 
The important aspect which has to be determined first when designing an 
ECT sensor is the number of electrodes. An ECT is comprised of a number of 
electrodes. Reported ECT system is mostly comprised of 8, 12 or 16 electrodes. The 
size of each electrode is seen to decrease relatively to the growing number of ECT 
sensor electrode from 8, 12, 16 or larger. 
 
 
A small number of electrodes will give benefits of (1) A smaller number of 
data acquisition channels is needed which considerably make simpler for the 
hardware if every channels is run in parallel, (2) A faster data acquisition rate is 
anticipated due to the reduction of capacitance measurements number. However, 
with just a small number of electrodes, it is hard to expect a good image because the 
number of independent capacitance measurements is small. On the other hand, if the 
number of electrodes increases, an image with improved resolution can be expected 
because the total of independent measurements will increase. Yet again, W.Q. Yang, 
(2010) mentioned that some difficulties might occur if the number of electrodes is 
too large such as (1) complicated and expensive hardware, (2) smaller capacitance to 
be measured and (3) more measurements taken which result in a slower data 
acquisition rate. Table 1.1 presents some matching figures for the number of 
electrodes being 6, 8, 12 and 16. 
 
 
Table 1.1:  The Relationship between Total of Electrodes used and Total of 
Independent Measurements from Existing ECT Systems 
 
 
 
Total of electrodes used Total independent measurement Application 
6 15 
Combustion flame in an 
engine cylinder 
8 28 Wet gas separator 
12 66 Gas-oil-water 
16 120 Nylon polymerization 
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Measurement sensitivity of capacitance sensor is proportional to the electrode 
area. Therefore, the increase in the number of electrode is mainly to enhance SNR 
(Signal Noise to Ratio). The size of electrode has to be increased in order to improve 
SNR because when the electrode size reduces, the SNR will also be reduced. 
Therefore, image with better resolution can be obtained if the number of electrode is 
increased by reducing the electrode size. (C.K. Seong., 2008). 
 
 
Nevertheless, high resolution images can be obtained if the number of 
electrode is high. High number of electrodes means the size of the electrodes is 
smaller. If the size is small, measurement sensitivity will be lower unlike sensor with 
few electrodes. Bigger electrodes promote higher sensitivity in the sensor but it will 
reduce the resolution quality. If high axial resolution is needed, a small number of 
short electrodes can be used together with separately excited axial guard electrodes. 
This can stop the electric field from dispersing overly at each end of the sensor 
electrodes. Most applications developed are using sensors with 8, 12, or 16 
electrodes up till today. (Flores, N. et al., 2005).  Therefore, a 16 segmented sensor 
electrodes was chosen to be mounted symmetrically on the outer surface of an 
insulating vertical pipeline for this particular work. 
1.4 Sixteen Segmented ECT Sensor Electrodes 
The Electrical Capacitance Tomography System of earlier inventions is set to 
be fixed on a vessel. Functioning as a sensor, the electrode plates are permanently 
assembled on the pipeline as this is typically distinctive for each new application. 
When the installation is done, it will be impossible for the sensor to be removed and 
thus, the distance between the sensing electronics and these sensor plates will usually 
be made far 
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 This portable system aims to permit the system smoothness to be assembled 
and relocated from a pipeline to another. The system is specifically designed to 
accommodate pipeline of various diameter sizes as well as flexibility of electrodes 
sensor usage numbers relying on the pipeline size without having to redesign the 
electrodes sensor. This sensor can function independently. Apart from that, the 
driven guard that normally put between adjacent measuring electrodes and earth 
screen which is mounted at the third layer beforehand has been fixed on the 
segmented electrode sensor plates. The signal conditioning board is able to be 
stretched in accordance with the pipe diameter because the cable noise and the 
electrode are eliminated. 
 
 
The sensing module comprises of integrated intelligent electrode sensing 
circuits on each electrode sensors. A microcontroller unit and Data Acquisition 
(DAQ) system is embedded on the electrode sensing circuit and the data acquisition 
system is applied with the Universal Serial Bus technology (USB) technology that 
allows the sensor to function self-sufficiently. The USB is also purposely applied to 
experience high data transfer rate in data transferring. In order for the USB data 
transfer rate to perform at full-speed, a microcontroller which functions as the 
centralization control unit is used. 
 
 
In this research, a longer sensor electrode has been expand to 120mm in 
comparison to the earlier design by C.K. Seong, (2008) where the sensor electrode is 
expanded only to 100mm where the capacitance measurement is only achieved at 
femtofarad. The capacitance values are normally in a range of 0.5 and 0.01 pF as 
according to W.Q. Yang, (2010).  As a result to this, the reading of the length of 
electrode is required to be increased in order to increase the capacitance. In this 
research, the capacitance reading is well increased to picoFarad. The values of the 
capacitance were confirmed in different types of dielectrics which provides reading 
in a range of 0.1pF to 0.45 pF. 
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1.5 A Twin Plane ECT 
The measurement techniques to get the volumetric flow rate for single –phase 
flows are properly built with accuracy of lower than 1%. However, the multiphase 
systems require some advanced technology concerning the concentration of one 
phase in another. It was informed that the application of twin-plane tomographic 
systems has potential to offer substantial data in multiphase flows. It promotes a 
technique which is considerably attractive to measure the concentration and velocity 
distributions, such as a flow meter. Hayes, D.G (1994) mentioned that the 
combination of tomography and cross correlation techniques offers an opportunity to 
measure the velocity profile. A twin plane ECT sensor was applied for velocity 
profile measurement (W.Q. Yang, 1995, 1998, 2004, W. Warsito and L.S. Fan 2001, 
S. Liu, et. al, 2002, 2005 and. H.G. Wang, et. al, 2007) 
 
 
This research aims to create a twin plane of 16-segmented sensor electrode 
where two sets of segmented sensor electrodes are mounted with one as up-stream 
sensor and the other as a down-stream sensor. The design of electrode sensor has 
seen some improvements and there is a proposal of a new approach to switch the 
excitation potentials as transmitted signal to the electrodes. The research 
development are to experimentally study the aptitude of using a twin-plane 16-
segmentd ECT sensor with 16 portable electrodes which uses two differential 
excitation potentials transmitted signal to find the flow pattern, the phase 
concentration and the velocity profile of crude palm oil related multiphase systems 
(crude palm oil, water, sludge  and gas). 
1.6 Cross-correlation velocity measurement 
Many of researchers have applied cross correlation techniques with a single 
pair of transducers or twin-plane sensors for flow velocity profile measurement 
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(W.Q. Yang, 2000, 2010). In order to get velocity profile, the void or concentration 
information between the two images in planes 1 and 2 has to be cross-correlated as 
shown in Figure 1.2 (Dyakowski T. et. al, 2000). 
 
 
The cross-correlation ﬂow velocity measurement‟s important principles are as 
stated in Figure 1.1 (a), is the signals „tagging‟ created by the ﬂuid turbulence or 
suspended particles moving inside the pipe. The sensors, which detect these signals 
in empathy with the turbulence of the ﬂuid or suspended particles, could be based on 
many techniques such as the usage of ultrasound, electrical conductivity, optical 
beams and electrical capacitance. In an ideal case, if a signal detected by the 
upstream sensor reappears at the downstream sensor after a certain period τm (see 
Figure 1.1 (b) ) and the distance ds between the two sensors is identified, the velocity 
V can be determined as; 
 
                                   V = ds/ τm                                                     …..(1.1) 
 
 
Hypothetically, the patterns or signals created by the ﬂuid turbulence or 
suspended particles will slowly shift on moving downstream. However, if the 
downstream sensor position is practically near to the upstream sensor, the patterns or 
signals would be sufficiently similar to each other, permitting the measurement of the 
transit time τm (S. Liu, 2005). 
 
 
It is essential to select the right distance between the two planes for cross-
correlation. Better similarity between the signals from the two planes can be gained 
just by a smaller distance. Nevertheless, longer distance is needed by the 
comparatively slow data acquisition and image reconstruction rates and the 
interference between the two planes. Thus, it is important to take into account both 
signals similarity as well as the dynamic behaviour of the system. A cross-correlation 
function for the ﬂow rate measurement can be calculated from two sets of signals; 
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             …..(1.2) 
 
 
 
where x(i ) and y(i ) are the up-stream and down-stream signals, N is the number of 
samples in the summation, M is the number of samples in the cross-correlation 
calculation and  j is the number of the delayed sample (i.e. time delay). The transit 
time m  can be acquired by seeking out the peak of the cross-correlation function. 
 
     tjm .                                      …..(1.3) 
 
where j matches the peak of the cross-correlation function and t  is the time interval 
between each two samplings. Then, the velocity can be calculated by using Eq. (1.1). 
 
 
(a) 
 
 
(b)  
Figure 1.1 Flow velocity measurement using cross-correlation 
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1.7 Background of Research Problem 
 
 In the Palm Oil Mill operation, there are two major wastes produced which 
are liquid and solid wastes. The solid waste may contain palm Kernel shells, 
mesocarp fibers as well as empty fruit bunches. The liquid waste produced from 
palm oil extraction of a wet process primarily arises from oil room after separator or 
decanter. When combined, this particular liquid waste and other wastes from 
sterilizer condensate and cooling water is named the palm oil mill effluent (POME) 
(Golder Associates, 2006). 
 
 
 A.L Ahmad and C.Y Chan defined POME as a high volume liquid waste 
with a high tendency to pollute and it produces bad odours regardless of being non-
toxic and organic in nature. Due to this fact, the main concern would be on how to 
tackle this problem so that there will be no considerable impact occurs since the palm 
oil mill operation produces a lot of by-product and liquid wastes. The POME is 
acidic in nature (pH 4-5), has discharged temperature of 80-90°C /50-60°C and non-
toxic (since no chemicals are added during extraction) (M. Ahmed, 2009). Most 
recent palm oil mills required large treatment area and long treatment period of about 
20 to 80 days since the biological treatment employed is conventional consisting of 
anaerobic or facultative digestion (A.L. Ahmad, and C.Y. Chan, 2009).  
 
 
The biological ponding system or the lagoon system treatment is building up 
fast just as regular POME treatment system in Malaysia. This system consists of 
dealing ponds, anaerobic, facultative and aerobic ponds. The ponding system usually 
needs long retention time in excess of 20 days and the biogas is freed into the 
atmosphere, where an average of 36% methane gas is released into the atmosphere 
from an open tank digester. In Malaysia, the largest contributor to Green House Gas 
(GHG) is the methane emission which comes from the palm oil industry. Carbon 
emission credit can be gained for cutting down the emission of GHG (L.Y. Lang, 
2007). Figure 1.2 shows the biological ponding system in palm oil milling.  
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Figure 1.2 Biological ponding system of Palm Oil Milling, Sime Darby Research 
Sdn. Bhd. Carey Island, Banting Selangor, Malaysia, 2011. 
The cutting down on the amount of palm oil mill effluent (POME) production 
can definitely lessen the prior mentioned pollution. For the time being, there is no 
proper system that has been created to observe the liquid waste percentage within the 
vessel that makes it almost impossible to monitor the POME or waste matters such as 
water, volatile matter, dirt or sludge inside the vessel until before it reaches the 
separation process in the production. The only way that monitoring can be done so 
far is to take the CPO sample out of the vessel during the production process to the 
lab to be tested using biological method. The result of the composition can only be 
received after 2 or 5 days. 
 
 
Figure 1.3 (a) shows the flow diagram of palm oil milling process at Sime 
Darby Research Sdn. Bhd. Carey Island and 2(b) shows the crude palm oil (CPO) 
process. 
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(a)           (b)  
 
Figure 1.3 (a) Flow Diagram of Palm Oil Milling and  (b) Crude Palm Oil Process -
Sime Darby Research Sdn Bhd, Carey Island, Banting Selangor, Malaysia, 2011. 
The gravity-based separator technique is employed in recent work to isolate 
the CPO and liquid wastes. The liquid waste produced from palm oil extraction of a 
wet process mostly originates from the oil room. The CPO is required to be clarified 
before is moved to the refining process right after the process of extraction. The main 
reasons for the clarifying process is to isolate the crude palm oil from sludge or load 
waste as shown in Figure 1.4.The light oil will stay at the top of the tank while the 
heavy oil (mixed with liquid waste/sludge) will remain at the bottom as depicted in 
Figure 1.4. 
 
 
 
 
 
 
Figure 1.4 Clarifier Tank 
17 
 
 
The oil which stays at the top will flow to the purifier to yield clean CPO 
while the remaining oil which is mixed with the sludge/liquid waste will undergo a 
recovery process after it is channelled through a Decanter. The function of the 
Decanter is to gather oil from the liquid waste. This is done before it goes to a 
separation process which is to separate the oil from the sludge/liquid waste. 
 
As an aid to such problem, the separation process monitoring to visualize the 
percentage of liquid waste present within the vessel has become much easier with the 
availability of instruments like the monitoring system. The collected data is very 
useful in designing and creating better process equipment. Furthermore, the quality 
of the CPO can be boosted due to the better control of certain process in aid of the 
data which indirectly improve the POME treatment process. Today, our local palm 
oil mill process has met new invention technology with the help of the tomography 
technique. It is actually a research tool which has put aside the difficulties of 
executing the measurements on the process plant.  
1.8 Problem Statements 
The ECT sensor design has been linked to many issues. There are only 
several issues which were highlighted and discussed which recount to the 
contribution in most of the previous research concerning to ECT as follows; 
 
 
(i) It is hard to determine an inter-electrode capacitance which recount with the  
relative permittivity distribution ε(r) and potential distribution φ(r), with the 
use of the Laplace equation, it is yet too hard to be solved for the geometry 
and the boundary conditions which therefore, in order to find the electric field 
distributions,  a finite element method (FEM) software simulation package is 
so much needed. (W.Q Yang, 2010). 
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(ii) The sensor with external electrodes of the wall permittivity contributes to 
non-linear changes in capacitance which somehow increase or decrease 
relying on the thickness of the wall as well as the permittivity‟s of the sensor 
wall and contents.  (W.Q Yang, 2010). 
 
(iii)The single-electrode excitation has the benefit of needing only one voltage 
source, which can be substituted in sequence to the electrode being occupied 
as a source. The setback of this method would be that, the sensitivity of the 
sensor is higher in the wall area compared to the central area. This effect will 
cause the mutual capacitance to be small, thus the electrode charges (and their 
change) can also be  very small (Gamio, J.C., 2002). 
 
(iv) The sensitivity in different location between the electrode pair can differ 
radically where the sensitivity distribution is not uniform. This is because of 
the evident attribute of soft-field sensing (W.Q Yang, 2010). 
 
(v) To select the distance between two planes is a trade-off. Poor cross 
correlation will be achieved if the distance is too long due to the change of a 
„tag‟ or pattern from the first plane to the second. On the otherhand, the time 
resolution will be poor if the dsitance is too short. It is all due to the limited 
number of samples for a „tag‟ or pattern to flow from the first plane to the 
second plane. (W.Q Yang, 2010). 
1.9 Research Objectives 
The main objective of this research is to examine the capability of employing 
a twin-plane ECT sensor with 16 portable electrodes with two different excitation 
voltage source techniques so as to recognize the flow pattern, velocity profile as well 
as the crude palm oil phase concentration to overcome the existing ECT system with 
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several enhancement and approaches.  The specific objectives of the research are 
listed as follows: 
 
(i) To build a twin plane segmented ECT systems, non-invasive and nonintrusive 
sensing module with two set of segmented electrodes mounted with one as 
up-stream sensor while the other as a down-stream sensor.  
 
(ii) To reconstruct the on line cross-sectional image of the distribution using 
Linear Back Projection (LBP) method.  
 
(iii)To display the cross-sectional image for up-stream & down-stream sensor 
planes using Visual Basic programming platform in order to obtain the 
information of flow from sensors.  The information will then be analyzed and 
be visualized in computer. The visualization results provide information 
about the flow regime, velocity profile and the concentration distribution in 
two-phase flow-rate measurement system incorporating with liquid flow 
measuring device. 
1.10 Research  Scope 
This research is divided into several parts, which are stated as follows: 
 
i. Design a twin plane of ECT sensor with 16 electrodes every part of it is to 
view the concentration profile image of gas and liquid. These images are 
then cross-correlated on a pixel-by-pixel basis, i.e. the signals from each 
pixel in image sensor plane 1 are cross-correlated with the signals from 
their corresponding pixels in sensor plane 2 to obtain the velocity profile. 
 
ii. Develop a 16 segmented portable sensor unit which is portable to be 
assembled in different diameter sizes of pipeline, and it is flexible to 
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apply in any number due to different size of pipeline without the need of 
redesigning the sensing module. The new approach of this sensing 
module contains the integration intelligent electrode sensing circuit on 
every each of electrode sensors. A microcontroller unit and a Data 
Acquisition (DAQ) system have been incorporated in the electrode 
sensing circuit and USB technology was applied into the data acquisition 
system making the sensor able to work independently. 
 
iii. Design a main controller circuit with new switching schemes using two 
different transmitted signal excitation potentials/voltage source to a 
different excited electrode pairs to yield a nearly uniform excitation field 
across the sensor so as to examine the capacitance changes because of 
different permittivity and to enhance the situation of non-linearization, 
non-uniform potential distribution as well as less sensitivity in the ECT 
measurement central area. 
 
iv. Rebuild a cross sectional image in the usual and exact time with Visual 
Basic 6 so as to verify the concentration profile of the flowing material 
for both planes. This involves the employment of a linear back projection 
algorithm in the rebuilding of the data with the use of an industrial 
standard computer programming language. 
1.11 Significant research contributions  
The research contribution tries to enhance the situation of non-linear, non-
uniform potential distribution and less sensitivity in the ECT measurement central 
area using a single excitation with two difference potential excitation /voltage source 
technique. Develop a twin plane of 16-segmented sensor electrode for gas and liquid 
flow velocity profile measurement in horizontal, downward inclined and upward 
inclined flow and visualize the percentage of concentration distribution in two-phase 
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flow-rate measurement system for water, CPO (Crude Palm Oil) and sludge. Further 
more in this research, the length of electrode design has been extend, in order 
increase the electrode charges (and their change) in a range of 0.01 pF to 0.5pF. 
 
The information gained will certainly be helpful in the work of monitoring 
and governing the crude oil flow in a pipeline.  This technique is resourcefully 
utilized to observe the distribution of materials within the vessel and from this all 
information regarding the flow mixture in conveying pipelines as well as the 
concentration distribution will be identified from the cross sectional viewed. This 
information is useful in designing better process equipment as well as to control 
some processes to ensure that the quality of oil can be enhanced and thus minimizing 
the waste from palm oil mills (POME). All journals that related to this research can 
be referred in Appendix A. 
 
  
 CHAPTER 2 
LITERATURE REVIEW 
2.1 Research Background 
Up until today, the production plants have shown that most flow-meters were 
employed in measuring single-component materials such as petrol, gas, water and 
many more. Nevertheless, there is a growing claim for multi-phase flow-meter due to 
the effective use of resources and cost increasing request of effective processing 
plants, while lessening and regulating pollution. 
 
 
In today‟s, most processes have involved the utilization of various pipes or 
vessels. They use mixture of products that are pumped along pipes (combination 
product). For example, particulate materials (plastic, grain, and catalysts) are 
disseminated along pipes by compressed air or pumped in liquid in manufacturing 
process. However, the measurement of the amount delivered can only be done in one 
way which is to isolate the components and then meter them individually or to fill 
them into a tank or vessel then measure the volume or weight of that product in the 
tank. The limitation is not inherent to the pumping mechanism; it is simply because 
the technology for measuring the three-phase mixture flow-rate is not available. In 
turn, the cost of the manufacturing operation (extra piping, valves, tanks and 
weighing mechanism) will rise due to the deficiency of flow-meter technology for 
these applications and resulting in possibilities of interference in the process flow.  
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For the oil and gas industry, the flow rate measurement in real time without 
separating the phase is desirable in order to reduce cost, increase production and 
reach excellence performance in oil and gas transport. For example, gas-oil is the 
standard two-phase flows that can be easily discovered in chemical and petroleum 
industries. Flow-rate measurement method of this type of two-phase flow has great 
practical significance in reservoir management, process control, custody transfer 
metering as well as fiscal metering. Yet, the inherent complexity of a two-phase 
mixture makes it hard to determine the flow-rate (Z.Y. Huang et al, 2005).  
2.2 Requirement Placed on Industrial Tomography  
From its first beginnings, process tomography was aimed at providing 
multiphase flow rate measurements as well as pictures of concentration distribution 
(Salkeld J.A., 1991, Hayes, D.G.,1994). Measurement of flow rate through 
tomography demands accurate images of concentration, high-speed data acquisition, 
high-speed processing and some method of measuring velocity. Flow meters for 
industrial use must also be robust and low-cost. 
 
 
It makes possible for the chemical process engineer to indirectly observe the 
chemical process that happens within the vessel which is hard to be done before. The 
material‟s permittivity changes within the vessels are sensed by the capacitive 
sensors installed. The permittivity distribution images are then developed based on 
the collected data. This image is crucial to be used in understanding the nature of 
activities that happens within the vessel by computing various key parameters 
pertaining to the chemical process (S.M. Huang, et. al and C.G Xie et. al, 1992). 
Apart from that, all the images may also assist in determining the future course of 
control actions that must be taken if the need occurs. The technique has the 
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advantages of being non-intrusive in nature for measuring the capacitances, simple 
transduction principle, fast response, simple and efficient algorithm applied to come 
out with comparatively good resolution images. The sensors occupied are cost 
effective capacitance sensors which is easy to build and handle. 
 
 
In the mid-1980s, the work begins. It has somehow brought to the current 
generation of Process Tomography systems which to create the phase or component 
distribution image in an industrial process with the use of external sensors and is 
deprived of triggering any perturbation to it.  Example of appropriate processes are 
those happening in stirring or mixing vessels, separators tanks or a pipeline carrying 
multiphase flow and fluidized bed reactors.  The University of Manchester (UMIST) 
is a prominent university in industrial process tomography research area. This has 
been proven since the late 1980‟s where they initiated a project on Electrical 
Capacitance Tomography for imaging multi-component flows from oil wells (S.M. 
Huang, et al., 1989).  Fasching and Smith (1988) and Halow, J.S et al.(1990) claimed 
that the Morgantown Energy Technology Center (METC), originated in the USA 
designed a Capacitance Tomography system to measure the void distribution in gas 
fluidized beds in approximately the same time.  It is identified that the capacitance 
transducers applied for both systems were only appropriate in an electrically non-
conducting situation (F. Wang, et al, 2009). Process Tomography is proclaimed to be 
a cost effective technique ever since the development of low-cost parallel computers 
during the 1980‟s. This development has helped to overcome the high cost and 
slowness in image reconstruction using Van-Neuman computer architectures which 
is seen as a problem. 
 
 
In the early 90‟s, tomography system was applied in the field of industry. 
Process tomography is the analogy of medical tomography. It carries the objective to 
make available of visualizing the inner parts activities of industrial process like the 
pneumatic pipe transportation activity. The designing of many devices like engines, 
valve, boilers and turbo machines requires knowledge of fluid flow behaviour. These 
flows experimental analysis puts the flow visualisation as the first step since the flow 
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